INTRODUCTION
============

Vascular access dysfunction remains an important cause of morbidity and mortality in hemodialysis (HD) patients \[[@B1]\]. Local vascular inf lammation associated with venous neointimal hyperplasia is regarded as a hallmark of fistula stenosis. Furthermore, inflammation strongly predicts all-cause \[[@B2],[@B3]\] and cardiovascular \[[@B3]\] mortality rates among dialysis patients \[[@B4]\]. The majority of patients with end-stage renal disease (ESRD) exhibit evidence of chronic inflammation \[[@B5],[@B6]\]. The causes of inf lammation in ESRD patients are multifactorial and include genetic factors, such as polymorphism \[[@B5]\]. Interleukin (IL)-6 is one of the most extensively studied effectors in the inflammatory cascade \[[@B7]\]. IL-6 is a circulating multifunctional cytokine secreted in response to different types of inflammatory insults. Increased circulating levels of IL-6 have been linked to malnutrition, hypertension (HTN), left ventricular hypertrophy, atherosclerosis, and cardiovascular mortality in patients with ESRD \[[@B8]-[@B10]\]. IL-6 induces endothelial cell damage, stimulating intracellular adhesion molecule-1 and enhancing the attachment and diapedesis of leukocytes across endothelial cells \[[@B11]\]. Several studies have shown that elevated levels of IL-6 have the distinct ability to stimulate vascular smooth muscle cell growth \[[@B12]\], thereby enhancing endothelial synthesis of plasminogen activator inhibitor-1 \[[@B13]\] and contributing to progressive fistula stenosis in HD patients \[[@B1]\].

The human IL-6 gene is located on chromosome 7p21, and consists of 5 axons and 4 introns. IL-6 has several polymorphisms in the promoter region (-634 C/G, -174 G/C, -572 G/C, and -597 G/A) \[[@B7]\]. Conflicting results have been reported regarding the IL-6 -174 G/C polymorphism and diseases. Two studies have shown that subjects who are homozygous for the G allele or heterozygous for G/C at position -174 have higher plasma IL-6 levels and higher IL-6 gene transcriptional activity than individuals homozygous for the C allele \[[@B14],[@B15]\]. However, another study reported that the CC genotype was associated with cardiovascular events in HD patients \[[@B16]\]. An IL-6 -634 C/G polymorphism has also been reported, and the -634 G allele is associated with increased secretion of IL-6 by peripheral blood mononuclear cells (PBMCs) \[[@B17],[@B18]\]. The IL-6 -634 G allele has been suggested as an aggravating factor in the progression of renal disease \[[@B17],[@B19]\]. Although previous studies have explored the relationship between IL-6 levels and vascular access dysfunction in HD patients \[[@B20]-[@B22]\], the effect of IL-6 polymorphisms on vascular access dysfunction has not been reported.

In the current study, we examined whether the IL-6 -634 C/G and -174 G/C polymorphisms are associated with the duration of patent vascular access in HD patients.

METHODS
=======

Study population
----------------

The patient group included 80 clinically stable patients receiving maintenance HD for \> 3 months in Ewha Womans University Mokdong Hospital. The duration of HD per session was 4 to 6 hours; the frequency of HD was individualized to achieve a Kt/V \> 1.2. We assessed the dialysis adequacy by calculating the Kt/V for each patient. Patients were treated with synthetic membranes (polysulfone or polyamide), and dialyzers were not re-used. Heparinization during the dialysis session was done by continuous infusion using unfractionated heparin at a dose of 500 to 1,000 U/hr according to patient weight. None of the patients had a history of acute diseases, such as recent myocardial infarction, unstable angina, acute pulmonary embolism, acute neurologic disorders, malignancies, and overt systemic infections within 3 months before blood sampling for IL-6. The access patent interval was defined as the time from the access formation to the time of first vascular stenosis in each patient. Acute obstructions due to mechanical factors related to surgery within a few days of the access creation, physical compression after the end of a dialysis session, or frequent hypotension during dialysis were excluded from the definition of vascular access patency. To analyze the relationship between IL-6 polymorphisms and vascular access patency, we categorized patients into two groups: the shorter access survival group (patients with access patency \< 1 year at the time of enrollment), and longer access survival group (patients with vascular access patency \> 1 year). We also performed the same analysis for patients with native arteriovenous fistula (AVF) excluding patients with an arteriovenous graft (AVG). We reviewed medical records from each patient and examined medical histories of patients with diabetes mellitus (DM), HTN, and drug histories for use of renin-angiotensin system blockers (angiotensin converting enzyme inhibitors or angiotensin receptor blockers), statins, and anti-platelet agents. We assessed the nutritional status of each patient by measuring the normalized protein catabolic rate.

An additional 89 healthy individuals without medical illnesses such as DM, HTN, or renal disease were enrolled as the control group. The study was conducted in accordance with the guidelines of the Declaration of Helsinki after receiving approval from Institutional Review Board of Ewha Womans University Mokdong Hospital. Written informed consent was obtained from all subjects.

Blood sampling
--------------

Venous blood samples were taken from each patient just prior to the dialysis session and analyzed immediately. Samples were obtained from the HD needle puncture site 72 hours after the last dialysis. All patients were required to fast after midnight (\> 6 hours). The standard laboratory tests included complete blood cell and platelet counts and blood chemistries, including serum albumin, protein, blood urea nitrogen, creatinine, cholesterol, and low density lipoprotein. High sensitive C-reactive protein (hsCRP) was measured via a nephelometric immunoassay (Handok Pharm Co., Seoul, Korea). IL-6 levels were determined using a commercial enzyme-linked immunosorbent assay kit (Pierce Biotechnology, Rockford, IL, USA).

Genotyping
----------

DNA was isolated from peripheral blood leukocytes by a standard method. All subjects were genotyped for -634 C/G and -174 G/C polymorphisms using the polymerase chain reaction (PCR)-restriction fragment length polymorphism method. Genotyping for the IL-6 -634 C/G and -174 G/C polymorphisms was performed by PCR followed by BsrB I and Hsp92 II digestion, respectively. The primers for each region were as follows: forward 5\'-GAGACGCCTTGAAGTAACTG-3\' and reverse 5\'-AACCAAAGATGTTCTGAACTGA-3\' for -634 C/G; and forward 5\'-TGACTTCAGCTTTACTCTTGT-3\' and reverse 5\'-CTGATTGGAAACCTTATTAAG-3\' for -174 G/C. The final reaction volume (30 µL) contained 200 ng of genomic DNA, 10 mmol/L Tris-HCl (pH 8.3), 50 mmol/L KCl, 1.5 mmol/L MgCl~2~, 200 mmol/L each dNTP, 1 µmol/L of each primer, and 2 U Taq polymerase (all reagents from Fermentas GmbH, St. Leon-Rot, Germany). Initial denaturation at 94℃ for 6 minutes was followed by 35 cycles of 94℃ for 1 minute, annealing at 60℃ for 1 minute, and extension at 72℃ for 1 minute. The final extension step was at 72℃ for 1 minute. The PCR product (-634 C/G, 180 bp; -174 G/C, 191 bp) was digested with the respective restriction enzyme (BsrB I for -643 C/G; Hsp92 II for -174 G/C) and 3% agarose gel. With respect to the -634 C/G polymorphism, CC homozygotes had a 180 bp fragment, CG heterozygotes had 180 bp and 120 + 60 bp fragments, and GG homozygotes had 120 + 60 bp fragments. With respect to the -174 G/C, the G allele had 2 fragments (161 + 30 bp) and the C allele had 3 fragments (116 + 45 + 30 bp).

Statistical analysis
--------------------

All values are expressed as the mean ± SD or number (%). The Hardy-Weinberg equilibrium was assessed using the χ^2^ test. Genotype and allele frequencies were compared between two groups using the χ^2^ test or Fisher\'s exact test (values \< 5) and the odds ratio (OR) was calculated. Differences in the continuous variables between groups were assessed using ANOVA and an unpaired Student\'s *t* test. Logistic regression analysis was used to assess risk factors for vascular access failure. All data were analyzed using SPSS for Windows version 9.0 (SPSS Inc., Chicago, IL, USA). A *p* \< 0.05 was considered to be statistically significant.

RESULTS
=======

[Table 1](#T1){ref-type="table"} lists the baseline clinical and laboratory characteristics of HD patients. The mean age and sex distribution of subjects did not differ significantly between the patient and control groups. Similar results were obtained after excluding diabetic patients ([Table 2](#T2){ref-type="table"}).

IL-6 polymorphisms
------------------

[Table 3](#T3){ref-type="table"} lists the distribution of IL-6 genotypes and each allelic frequency. The distribution of the IL-6 -634 genotypes in HD patients and healthy controls was in Hardy-Weinberg equilibrium. Interestingly, the genotype distribution of the IL-6 -634 C/G polymorphisms in the HD patient group differed significantly compared with that in the control group. The GG genotype appeared more frequently in the patient group. Furthermore, the -634 G allele frequency was significantly more common in the patient group than in the control group (OR, 1.77; 95% confidence interval \[CI\], 1.08 to 2.92; *p* = 0.009). This finding was also observed after excluding diabetic patients (OR, 2.13; 95% CI, 1.18 to 3.87; *p* = 0.005) ([Table 3](#T3){ref-type="table"}).

For the -174 G/C polymorphism, the -174 C allele was not detected in the patient or control group.

No significant differences appeared in clinical parameters based on genotypes ([Table 4](#T4){ref-type="table"}). Results were similar after diabetic patients were excluded ([Table 5](#T5){ref-type="table"}).

Relationship between the IL-6 -634 polymorphism and vascular access patency
---------------------------------------------------------------------------

To assess the association between the IL-6 -634 polymorphism and vascular access patency, the -634 G allele frequency was examined with respect to the access patent interval ([Table 6](#T6){ref-type="table"}). The distribution of the -634 genotype and G allele frequency did not differ significantly based on the access patent interval. However, after excluding diabetic patients, the -634 genotype distribution differed significantly between the two groups and the G allele frequency exhibited a higher tendency in the access survival \< 1 year sub-group (OR, 3.45; 95% CI, 0.88 to 13.57; *p* = 0.071). These findings were preserved in the analysis of patients with native AVF. However, the G allele did not reveal any statistical significance in logistic regression analysis for risk factors of early vascular access failure in either whole nondiabetic patients ([Table 7](#T7){ref-type="table"}) or patients with AVF (data not shown).

DISCUSSION
==========

This study demonstrated a higher frequency of the IL-6 -634 GG genotype and G allele in HD patients compared with healthy controls. This tendency was preserved in non-diabetic patients. Several studies have focused on the IL-6 -634 C/G polymorphism and renal disease progression. Kitamura et al. \[[@B17]\] suggested that the IL-6 -634 G allele and GG genotype may be relevant predictors for progression of type 2 diabetic nephropathy and that the IL-6 -634 C/G polymorphism could be an aggravating factor rather than an initiating factor for diabetic nephropathy in type 2 diabetic patients. A recent study suggested that the -634 G allele is an independent risk factor for faster progression of chronic glomerulonephritis (GN) to ESRD \[[@B19]\]. Together, these data suggest that the IL-6 -634 G allele is a risk factor for renal disease progression. Because HD patients are similar to individuals with advanced renal disease, our data could be considered to support previous findings. Although important risk factors such as DM, HTN, and glomerulonephropathy affect the progression of renal failure, we cautiously suggest that the -634 G allele is another susceptibility factor in patients with ESRD.

Few studies have examined the association of IL-6 -634 C/G polymorphism and vascular diseases. Our results indicate that the genotype distribution of the -634 C/G polymorphism and the G allele was more frequent in the shorter vascular access survival sub-group (\< 1 year), excluding diabetic patients. Because the mechanisms of obstruction between AVF and artificial AVG differ, we also performed an analysis excluding patients with AVG. The results did not differ from the analysis performed with all patients. However, because the shorter access survival group contained only 3 patients (excluding patients with AVG), this finding requires confirmation in a larger study. Furthermore, this result was not statistically significant in the total patient population, and the association disappeared in logistic regression analysis for risk factors in early access failure. These findings suggest that DM may be a more important factor in early access failure than the IL-6 C/G polymorphism or G allele. Although few patients were enrolled in the study and statistical significance was not achieved, the results suggest a genetic susceptibility of an association between IL-6 polymorphism and vascular access stenosis in HD patients.

We detected no -174 C alleles in our study population. Previous studies have reported considerable ethnic dif ferences in the IL-6 -174 G/C polymorphism. The C allele frequency is reportedly 0.33 to 0.55 in Caucasians, but is reportedly \< 0.002, 0.000, and 0.002 in Eastern Asians, Japanese, and Southern Chinese, respectively \[[@B18],[@B23]-[@B26]\]. In the Korean population, the C allele frequency is reportedly 0.006 \[[@B27]\]. Our results support previous findings of a very low frequency of the C allele in Eastern Asians. The reason for the rarity of the C allele in Eastern Asians has not been clarified.

Research has yielded conflicting results regarding the relationship between the IL-6 -174 G/C polymorphism and plasma IL-6 levels or other clinical inflammation-related diseases \[[@B9],[@B14],[@B28],[@B29]\]. Most studies have suggested that G allele carriers and patients with the GG genotype produce high levels of IL-6 \[[@B14],[@B28],[@B30]\], which is possibly a predisposing factor to the development of ESRD \[[@B31]\]. In these studies, the CC genotype has been proposed as a possible protective factor in the development of disease. One study suggested that the GG genotype is a predisposing factor in the development of ESRD and has a synergic effect with IL-4 cytokine genes in the genetic variation of ESRD \[[@B31]\]. Endothelial dysfunction has also been noted in healthy individuals with the G allele \[[@B32]\]. However, another study showed that the -174 CC genotype was correlated with a high risk of acute post-operative cardiovascular events in patients with peripheral arterial disease (PAD) and endothelial dysfunction in these patients \[[@B33]\].

Different results have been reported regarding the relationship between plasma IL-6 levels and -174 genotypes. One study found that the C allele did not influence the IL-6 level \[[@B29]\], whereas another study found opposite results, with higher circulating IL-6 levels among C/C carriers \[[@B9]\]. In one study, high IL-6 levels were related with advanced PAD, but no relationship appeared between the IL-6 -174 polymorphism and PAD \[[@B34]\]. The authors suggested that the high IL-6 levels in patients with advanced PAD may depend more on stimuli other than the genotype of the IL-6 gene \[[@B34]\]. One study found that the baseline IL-6 level did not differ according to the IL-6 genotype, but peak IL-6 levels increased significantly after coronary artery bypass surgery, especially in -174 CC carriers \[[@B9]\]. The authors suggested the IL-6 promoter gene had a functional role in IL-6 production after acute severe injury. However, another study reported that the -174 GG type promotes PAD development in patients with type 2 DM by increasing the release of IL-6, resulting in increased plasma concentrations of fibrinogen and CRP \[[@B35]\]. In our study, we observed no differences in IL-6 levels with respect to genotype.

Several reasons may account for the discrepancies in results for IL-6 polymorphisms: different racial distributions, different prevalence of cardiovascular disease, random errors, and misunderstanding. Furthermore, regulation of the gene may be a complex process related to the haplotype, therefore the effect of single-nucleotide polymorphisms may be difficult to interpret \[[@B5]\]. Although it is known that different haplotypes (-597 G→A/-572 G→C/-174 G→C) may determine the transcriptional levels of the IL-6 gene \[[@B9]\], undoubtedly other factors also regulate IL-6 levels. IL-6 is not only a pro-inflammatory and anti-inflammatory cytokine, but also a multi-functional mediator. Therefore, the action of IL-6 may depend on inflammatory mechanisms in a particular disease \[[@B19]\]. *In vitro* studies have shown similar conflicting results. One study reported that human umbilical vein endothelial cell IL-6 production after pro-inflammatory stimulation, such as treatment with IL-1β or lipopolysaccharide, is not dependent on IL-6 -174 G/C genotypes \[[@B36]\]. Another *in vitro* study revealed that the -634 G allele is closely associated with increased production and secretion of IL-6 by PBMCs \[[@B17]\]. Because different factors affect production and secretion of IL-6 protein *in vivo*, further studies will be required to examine the relationship between IL-6 polymorphisms and the IL-6 level *in vitro* and *in vivo*. Larger studies consisting of different racial populations will also be required to confirm any assumptions.

This study had several limitations. First, we did not measure the IL-6 levels in the control group. Although IL-6 levels did not differ according to the -634 genotype distribution in HD patients, this finding should be studied in patients with normal renal function. Second, the control group was somewhat inappropriate because the controls included people without DM, HTN, and GN. Even if the distribution of -634 polymorphism differed between HD patients and controls, other risk factors such as DM, HTN, and GN for the morbidity of patients with ESRD might have contributed to the effect. Third, we did not measure IL-6 levels at the moment of vascular access stenosis. IL-6 is known as a dynamic cytokine sensitive to acute vascular injury. Thus, the IL-6 levels at the point of measurement may reveal a correlation between IL-6 levels and IL-6 polymorphisms. Finally, few subjects were enrolled, so the power of the genetic study was relatively low.

In summary, we demonstrated that the distribution of the IL-6 -634 polymorphism differs between HD patients and healthy controls, and the G allele appears more frequently in patients with ESRD than healthy controls. Furthermore, the distribution of the -634 genotype differs by access survival in non-diabetic patients. This finding suggests that the IL-6 -634 G allele appears more frequently in patients with ESRD and may be associated with vascular access dysfunction in non-diabetic HD patients. Finally, the IL-6 -174 G/C polymorphism is extremely rare in the Korean population and the -174 G/C polymorphism is unlikely to determine significant serum IL-6 levels in a Korean population. A prospective study with a larger population is required to confirm the genetic effects of the IL-6 gene in vascular access patency.
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Baseline characteristics of subjects

![](kjim-27-327-i001)

Values are presented as the number (%), mean ± SD or median value with range.

HD, hemodialysis; ESRD, end-stage renal disease; RAS, renin-angiotensin system; AVF, arteriovenous fistula; ND, not determined; nPCR, normalized protein catabolic rate; BUN, blood urea nitrogen; LDL-C, low-density lipoprotein cholesterol; IL, interleukin.
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Baseline characteristics of subjects (excluding DM patients)
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Values are presented as number (%), median (range), or mean ± SD.

DM, diabetes mellitus; HD, hemodialysis; RAS, renin-angiotensin system; AVF, arteriovenous fistula; ND, not determined; nPCR, normalized protein catabolic rate; BUN, blood urea nitrogen; LDL-C, low-density lipoprotein cholesterol; IL, interleukin.
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Distribution of interleukin-6 -634 C/G and -174 G/C polymorphisms
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Values are presented as the number (%).

HD, hemodialysis; OR, odds ratio; CI, confidence interval; DM, diabetes mellitus.
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Comparison of variables based on the IL-6 -634 C/G polymorphism in HD patients
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Values are presented as number (%) or mean ± SD.

IL, interleukin; HD, hemodialysis; RAS, renin-angiotensin system; AVF, arteriovenous fistula; nPCR, normalized protein catabolic rate; BUN, blood urea nitrogen; hsCRP, high sensitive c-reactive protein; ELISA, enzyme-linked immunosorbent assay.
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Comparison of variables based on the IL-6 -634 C/G polymorphism in non-DM HD patients
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Values are presented as number (%) or mean ± SD.

IL, interleukin; DM, diabetes mellitus; HD, hemodialysis; RAS, renin-angiotensin system; AVF, arteriovenous fistula; nPCR, normalized protein catabolic rate; BUN, blood urea nitrogen; hsCRP, high sensitive c-reactive protein; ELISA, enzyme-linked immunosorbent assay.
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-634 C/G genotype distribution according to vascular access patency
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Values are presented as the number (%).

HD, hemodialysis; DM, diabetes mellitus; OR, odds ratio; CI, confidence interval; AVF, arteriovenous fistula.
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Logistic regression analysis for vascular access failure in hemodialysis patients
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